We present the discoveries of a brown dwarf and a low mass star from the Kepler and K2 missions. The newly discovered brown dwarf is EPIC 212036875b and the low mass star is KOI-607b. EPIC 212036875b has a mass of M b = 47.8 ± 3.1M J , a radius of R b = 0.819 ± 0.035R J , and orbits its host star in P = 5.17 days. Its host star is a late F-type star with M = 1.124 ± 0.11M , R = 1.401 ± 0.059R , and T eff = 6231 ± 51K. KOI-607b has a mass of M b = 94.4 ± 3.4M J , a radius of R b = 1.059 ± 0.084R J , and an orbital period of P = 5.89 days. The primary star in the KOI-607 system is a G dwarf with M = 0.983 ± 0.053M , R = 0.903 ± 0.032R , and T eff = 5435 ± 50K. We also revisit a brown dwarf, CWW 89Ab, that was previously published by Nowak et al. (2017) (under the designation EPIC 219388192b) and report a smaller measurement of its radius than the previous work. CWW 89Ab is the only known brown dwarf associated with a star cluster (Ruprecht 147) which illustrates the need for more brown dwarfs with accurate masses and radii and reliable age determinations to test theoretical models. We find that the newly discovered brown dwarf, EPIC 212036875b, falls in the middle of the so-called "brown dwarf desert", indicating that EPIC 212036875b is either a particularly rare object, or the brown dwarf desert may not be so dry after all.
INTRODUCTION
Brown dwarfs are typically defined as objects that are massive enough to sustain deuterium fusion but not massive enough to fuse hydrogen in their cores. This arbitrarily places a lower mass cutoff at 13 Jupiter masses ( M J ) that separates planets from brown dwarfs (BDs). Although this mass cutoff is physically motivated by a distinct process (deuterium fusion), it leaves ambiguity on how these objects form. Are objects above 13 M J somehow inhibited from forming like giant planets do? Placing a cutoff at 13 M J can imply BDs and giant planets form differently, which may not be the case for all BDs in the mass range 13-80 M J . Considering this, we ought to explore whether or not there is a mass at which a change in formation mechanism occurs and use this as the cutoff between giant planets and BDs.
To take an approach more focused on formation mechanisms of BDs, we examine the BD population by measuring the masses and radii of those BDs that orbit main sequence stars. In measuring these fundamental properties of BDs as well as their orbital characteristics, we can compare them to substellar models that motivate the underlying physics of these objects and construct a story of the evolutionary histories of these brown dwarfs.
Transiting BDs are particularly special as they provide us the opportunity to well characterize a brown dwarf's mass and radius. However, fewer than a couple dozen transiting BDs have been studied (Ma & Ge 2014; Nowak et al. 2017; Bayliss et al. 2017; Csizmadia 2016; Irwin et al. 2018; Johnson et al. 2011) . A feature of the BD population as a whole is the "brown dwarf desert". This term describes the observed lack of BD companions within 3AU to main sequence stars (Marcy & Butler 2000) . As Ma & Ge (2014) argue, the "driest" part of this desert is the mass range of 35-55 M J and periods shorter than 100 days. They suggest that this gap is indicative of two distinct BD populations that result from different formation mechanisms. Ma & Ge (2014) claim that BDs observed below M = 42.5 M J form in a process similar to gas giant planets while BDs more massive than this form like low-mass stars.
At the time, this gap between 35-55 M J seemed sparsely populated enough to support the claim of two populations, even if only considering transiting BDs with well-characterized radii and masses. However, because of the small sample size Ma & Ge (2014) had to work with, more detections of brown dwarfs are needed to confirm the existence of this depleted region. With so few short-period transiting BDs, we cannot reliably apply statistics designed for large samples of data, so we need to more thoroughly populate this region of massperiod space to verify if a "depleted region" exists in the brown dwarf desert and what it may reveal about the origins of the BD population. This may show a more convincing trend in the BD mass distribution and start to uncover what distinguishes BDs from planets and stars besides their ability to fuse deuterium.
Any new BDs are also useful in testing the substellar evolutionary models developed by Baraffe et al. (2003) . In particular, the mass and radius of a BD can be directly compared to substellar isochrones to estimate its age. The transit method is particularly sensitive to the BDs in the depleted region due to their short periods and relatively large transit depths for G and F type host stars. We can use these light curves and estimates of the star's properties from models to estimate the companion's radius. The host star's radial velocity (RV) is measured through follow up spectra. The mass of the companion is estimated based on these RVs, parameters from the light curve, and models estimating the host star's mass. RVs also provide a sense of the eccentricity of the companion and when this orbital information is combined with the mass and radius of the companion, we have some basic clues into the history of the object.
Here we report the discovery and characterization of EPIC 212036875b (a brown dwarf in the "driest" part of the brown dwarf desert). This brown dwarf is in the middle of the depleted region highlighted by Ma & Ge (2014) and is the first known transiting BD around 50 M J in such a short period. This makes EPIC 212036875b a rare "oasis" in the brown dwarf desert. We also revisit the brown dwarf CWW 89Ab and present a new discovery of a low mass star, KOI-607b. All three of these objects are useful in benchmarking stellar and substellar evolutionary models that we discuss in later sections. Section 2 gives details on the light curves and spectra that were obtained for this study. Section 3 describes the analysis techniques used to derive the companion and host star properties. Section 4 contains discussion of the implications of these new discoveries and what we may look forward to as the TESS mission continues to release new observations.
OBSERVATIONS
The light curves for KOI-607b, EPIC 212036875b (referred to hereafter as EP212b), and CWW 89Ab are from the Kepler and K2 missions. CWW 89Ab was first published as an transiting BD in the star cluster Ruprecht 147 by Nowak et al. (2017) , who use the designation EPIC 219388192b. KOI-607b was roughly estimated to be a low mass star based on 2 reconnaissance spectra by the SOPHIE team (Santerne et al. 2012 ), but no orbital eccentricity was obtained. Nowak et al. (2017) took high contrast images with the Subaru/IRCS+AO188 instrument and found no nearby stellar companions that may cause noticeable contamination for CWW 89Ab. However, Beatty et al. (2018) report the detection of CWW 89B, which is an M-dwarf companion at a projected separation of 25AU from CWW 89A. In this work, we do not present any high contrast or adaptive optics imaging of KOI-607 or EP212. We do check for nearby sources using Gaia DR2
Contamination from nearby sources
1 . According to Gaia DR2: EP212 shows no companions brighter than a magnitude of G=19.70 within 10 , KOI-607 shows no companions with 10 , and CWW 89A shows 3 stars within 10 that are all fainter than G=18.47 and at least 6.11 magnitudes fainter than CWW 89A (G=12.36). Note that CWW 89A is a member of a star cluster, so finding companions within 10 is not too surprising.
Kepler and K2 light curves
The Kepler space telescope detected a total of 118 transits for KOI-607b, 14 transits for EP212b, and 15 transits for CWW 89Ab. KOI-607 is the faintest target of these three at V=14.6. EP212 and CWW 89A are V=11.0 and V=12.5, respectively. The light curves for EP212b, CWW 89Ab, and KOI-607b are shown in Figures 1, 2 , and 3. EP212b is from K2 Campaign 16 and CWW 89Ab is from Campaign 7.
These targets were initially chosen based on the companion properties that were derived from the host star light curves. Specifically, we searched for light curves that indicated: 1) a companion object's radius to be approximately 1 Jupiter radius (R J ), 2) an orbital period on the order of 30 days or shorter, 3) a host star bright enough (V<15) for the 1.5m telescope that the Tillinghast Reflector Echelle Spectrograph (TRES) is installed onto to perform follow up spectroscopic observations. The light curve of KOI-607b was directly downloaded from the Mikulski Archive for Space Telescopes (MAST) 2 and flattened by dividing out the median-smoothed flux. The light curves for EP212b and CWW 89Ab were taken from the MAST K2SFF archive (Vanderburg & Johnson 2014) 3 . After detecting the transits for these BDs, we re-derived the K2 systematics correction for these two objects by simultaneously fitting the K2 roll systematics with the transit shape and stellar variability (following Vanderburg et al. (2016) ). We divided away the bestfit spline describing the stellar variability from our model to flatten the light curves.
TRES spectra
The spectra for KOI-607b, EP212b, and CWW 89Ab were taken with the TRES instrument on Mt. Hopkins, Arizona. The spectrograph has a resolution of R=44,000 and covers wavelengths from 390nm to 910nm. CWW 2 Direct link to light curve of KOI-607b: https://archive.stsci.edu/pub/kepler/lightcurves/ 0054/005441980/ 3 K2 light curves from MAST: https://archive.stsci. edu/prepds/k2sff/ 89Ab has 18 TRES spectra that were taken in 2015 and 2016 with exposure times ranging from 1200s to 1700s and S/N ranging from 22 to 34 (except for one point near phase 0.86, which has an exposure time of 400s and S/N of 6.8; this spectrum is not used to derive stellar parameters). EP212b has 14 TRES spectra taken in 2018 with exposure times ranging from 400s to 1800s and S/N ranging from 22 to 45. KOI-607b also has 14 TRES spectra and these were taken in 2014 (except for one point at phase 0.80 that was taken in 2018) with exposure times ranging from 1800s to 3600s and S/N ranging from 13 to 17. We use multiple orders in each echelle spectrum to measure the RV at each phase. We visually omit individual orders with poor S/N and manually remove obvious cosmic rays. This leaves us with a wavelength range of 458nm-606nm, or 18 echelle orders, for our objects. Each order is cross-correlated with the corresponding order of a spectrum of the target star for relative velocity measurements. This yields a velocity shift and the average of this shift over all 18 orders is taken as the RV at each respective phase of the orbit.
3. ANALYSIS
Stellar Parameter Classification
We use the stellar parameter classification (SPC) software package by Buchhave et al. (2012) to derive effective temperature, metallicity, surface gravity, and the projected stellar equatorial velocity (v sin i) from the spectra of our objects. We use SPC on a co-added spectrum for each object. We do not co-add any spectrum with S/N<15. When using SPC, we use the 5030Å-5320Å wavelength range (centered on the Mg b triplet) for each TRES spectrum. SPC is not used to measured RVs.
Modeling with EXOFASTv2
The masses and radii of the companions are derived using EXOFASTv2. A full description of EXOFAST is given in Eastman et al. (2013) . EXOFASTv2 uses the Monte CarloMarkov Chain (MCMC) method. For each MCMC fit, we use N=36 (N = 2×n parameters ) walkers, or chains, and run for 50,000 steps, or links. The host star masses and radii are modelled using the MIST isochrones (Dotter 2016; Choi et al. 2016; Paxton et al. 2015) , which are integrated in the framework of EXOFASTv2.
The resulting RV and transit fits are shown in Figures 1, 2 , and 3. We account for interstellar extinction, A V , using the Galactic dust and reddening extinction tool from IRAS and COBE/DIRBE 4 and take this A V value as an upper limit for our priors in EXOFASTv2. We also use the parallax of each host star as measured by Gaia DR2 and the SPC results for T eff and [Fe/H] as starting points for our priors. The full list of free parameters we specify for each object is: period P , time of conjunction (T C in BJD), host star effective temperature T eff , host star metallicity [Fe/H], RV semi-amplitude K, RV relative offset γ rel , interstellar extinction A V , parallax, orbital inclination i, eccentricity e, and R B /R . The derived T eff from EXOFASTv2 agrees well with the spectroscopic T eff from SPC. We impose Gaussian priors on these free parameters in EXOFASTv2. The median value with 1-σ uncertainties of the MCMC chains for each parameter is reported in Tables 9, 10, and 11.
Host star & companion properties
Though the RVs and light curves of the host star gives us a good sense of what the companion is like, we also need to estimate the properties of the host star itself. The important parameters we need here are ultimately the stellar mass, radius, and luminosity. In order to estimate these, we take measurements of a star's surface gravity (log g), effective temperature (T eff ), and metallicity ([Fe/H]) from its spectra. This information is combined with broad band photometry that forms the spectral energy distribution (SED) of the star.
CWW 89A
For CWW 89Ab, we derive BD and stellar parameters that agree with those reported by Nowak et al. (2017) , except for the stellar effective temperature, stellar radius, and BD radius. We compare these differences in Table 1 . A detailed list of the BD and host star properties we derive is given in Table 9 . CWW 89Ab is associated with the star cluster Ruprecht 147, which has an age of 3.00 ± 0.25 Gyr (Curtis et al. 2013). Nowak et al. (2017) find an age of 3.9 ± 1.9 Gyr and report a distance of 300 ± 24pc to the cluster, which is consistent with the Gaia DR2 distance of 307.7 ± 4.6pc.
EPIC 212036875
EPIC 212036875b is a newly discovered BD with a mass of M b = 47.8 ± 3.1 M J , a radius of R b = 0.819 ± 0.035 R J , an orbital period of P = 5.17 days, and an eccentricity e = 0.1325 ± 0.0043. The host star properties are M = 1.124 ± 0.11 M , R = 1.401 ± 0.059 R , T eff = 6231 ± 51K, log g = 4.193 ± 0.025, and KOI-607b is a very low mass star with a mass of M b = 94.4±3.4 M J , a radius of R b = 1.059± 0.084 R J , an orbital period of P = 5.89 days, and an eccentricity of e = 0.3942±0.0093. The host star properties that we derived are M = 0.983±0.051 M , R = 0.903±0.032 R , T eff = 5435±49K, log g = 4.519±0.024, and [Fe/H] = 0.376 ± 0.096. A full list of the BD and host star properties is given in Table 11 .
COND03 evolutionary brown dwarf models
Using the masses and radii that were jointly derived with EXOFASTv2, the Kepler /K2 light curves, and TRES RVs, we may now examine how these values compare to the evolutionary models (the COND03 models) developed by Baraffe et al. (2003) . In the case of CWW 89Ab, we have an independent cluster age associated with this BD (3.00 Gyr) and, as shown in Figure 4 , the BD radius derived by this work and Nowak et al. (2017) fall on evolutionary tracks that do not match the cluster age within 1-σ of the radius uncertainties. Since we do not have cluster-derived ages for any other transiting BDs or for KOI- 607b, CWW 89Ab remains the only BD system with a measured age to test the COND03 substellar evolutionary tracks. Based only on the match to the mass-radius models, this work finds CWW 89Ab to be between 5 and 10 Gyr old. There is a noticeable discrepancy between the BD radius derived by Nowak et al. (2017) and the radius we derive here. Nowak et al. (2017) find CWW 89Ab to have a radius of R BD = 0.937 ± 0.042 and we report a radius of R BD = 0.846 ± 0.021, which puts these two results at least in a 1-σ disagreement in terms of radius and a few Gyr disagreement in the age based off of where on the mass-radius diagram these different radii place CWW 89Ab. We use the same K2 observations as Nowak et al. (2017) , but our reduced light curves originate from different pipelines (Nowak et al. (2017) use a light curve from Dai et al. (2017) ) and our spectra come from a different spectrograph. The difference in spectral analysis pipelines used may be why our T eff value differs from that of Nowak et al. (2017) (see Table 1 ). We find an effective temperature about 125K smaller than Nowak et al. (2017) , which resulted in a slightly smaller stellar radius based on the MIST models. We make sure to omit any low S/N spectra from the calculation of the stellar parameters, including T eff . However, our effective temperature does agree well with that reported by Beatty et al. (2018) (T eff =5715K).
With regard to the transiting BD population as a whole, it appears that the BDs less massive than 25 M J are over-inflated compared to the the COND03 models, though the uncertainties in radius on these objects is larger than some of the more massive BDs (Figure 4) . The 3 objects with the largest error bars for radius are NLTT 41135b, CoRoT-15b, and CoRoT33b. Of these, CoRoT-33b and NLTT 41135b are grazing transits, which explains the relatively large uncertainty in radius due to the low transit depth-to-noise ratio and degeneracy between the impact parameter and transit depth for grazing transits (Csizmadia et al. 2015; Irwin et al. 2010 ). Evolutionary brown dwarf models of mass versus radius (Baraffe et al. 2003) with known transiting BDs over plotted. For EPIC 212036875b, CWW 89Ab, and KOI-607b, the error bars shown are 1-σ.
(COND03 models: http://perso.ens-lyon.fr/isabelle.baraffe/ COND03 models).
sequence stars are shown in Figure 5 . The list of the known transiting BDs is shown in Tables  7 and 8 . One of these BDs, KOI-189b, has a mass of M = 78 M J , placing it at the upper edge of the mass limit for BDs. Another object featured in Table 7 is HATS-70b, which is currently the only known BD that transits an A type star (Zhou et al. 2018) . HATS-70b has a mass of M = 12.9 M J , placing it at the opposite end of the nominal BD mass range to KOI189b. Near HATS-70b in terms of mass is XO3b (M = 11.8 M J ), which is officially classified as an exoplanet. Based on the COND03 models, KOI-189b seems to agree with the massradius isochrones while HATS-70b and Kepler39b (M = 18 M J ) appear to be over inflated in radius. EP212b and CWW 89Ab are within the depleted region of 35-55 M J and agree with the mass-radius COND03 models. We note here that the conclusion Ma & Ge (2014) make claiming that two populations of BDs exist (one above and one below 42.5 M J in the depleted region) was based on a twodimensional Kolmogorov-Smirnov (KS) test in period-eccentricity space for the BD population. As an astrostatistics study done by Babu & Feigelson (2006) discusses, the KS test is not applicable in two or more dimensions 5 . Figure 5 . Mass vs. Period plot showing only transiting BDs and KOI-607b for context. Host star spectral types, masses, and periods are from Ma & Ge (2014) . The distribution of the companion masses is plotted in the histogram on the right and the colors of the points represent the spectral type of the host star in each system. There is an insufficient number of transiting BDs to determine a trend in the mass distribution or in the types of host stars for a given mass or orbital period.
Circularization timescales and orbital synchronization
We also examine the predictions for the circularization timescales of our targets. The equation for the circularization timescale τ circ presented in Adams & Laughlin (2006) is:
where Q p ≈ 10 5 − 10 6 is the tidal quality factor, M is the host star's mass, M B is the companion object's mass, R B is the companion object's radius, a is the semi-major axis, and e is the orbital eccentricity. Here, F (e 2 ) ≈ 5 The two-sample KS test determines the probability that two data sets come from the same parent distribution, however a two-dimensional KS test cannot be used "because there is no unique way to order the points so that distances between well-defined empirical distribution functions can be computed" (from https://asaip.psu.edu/Articles/ beware-the-kolmogorov-smirnov-test) 1 + 6e 2 + O(e 4 ). Since KOI-607b is a star, the tidal quality factor Q p is better approximated at a value closer to 10 6 instead of 10 5 (Barnes 2015) . In general, Q p is difficult to measure and usually only accurate to an order of magnitude (Barnes 2015) . In the case of CWW 89Ab, we have a more precise value of Q p = 10 4.5 from work by Beatty et al. (2018) , who present a detailed study of CWW 89Ab's tidal properties. Inserting the appropriate values for KOI607b, EP212b, and CWW 89Ab, we find that the circularization timescales for all of these objects well exceed the age of each object (see Table 5 ). These results are consistent with what the eccentricities of our targets imply: that our targets are not old enough to have reached their respective circularization cutoff timescale. Increasing Q p to 10 6 for EP212 and CWW 89A only increases τ circ , yielding the same conclusion stated here.
To examine how well synchronized the stellar rotation and orbital periods are, we compare the quantities in Table 6 . Using SPC and stellar radii derived from EXOFASTv2, we estimate the rotation rate of each star from the Doppler line broadening in its spectra. We find that the orbits are not synchronized with the projected rotation of the respective host stars.
Based on the results from Equation 1, it is not surprising that we find relatively large eccentricities for our objects. From the argument of the circularization timescale alone, not enough time has passed for each host star to circularize its companion's orbit and the asynchronization of the orbital period to project stellar rotation agrees with this conclusion. If the rotation period and orbital period were synchronized then we might expect tidal dissipation from the host star to have caused the companion's orbit to have zero or near-zero eccentricity as we normally expect the orbit to circularize well before any synchronization of orbit period and stellar rotation occurs (Mazeh 2008) . Table 7 . See Ma & Ge (2014) and Csizmadia (2016) for a more comprehensive list that includes non-transiting brown dwarfs.
Defining Brown Dwarfs based on their formation mechanism
The distinction between planets and stars is made clear, in part, by the formation mechanism of each group, so the same principle should be applied to BDs. Planets form out of the disks of developing stars via core accretion (and/or via disk instability) while stars form out of dense molecular clouds that collapse under gravity. There is no conclusive evidence that a 13 M J object (a nominal brown dwarf) cannot form via core accretion like gi-ant planets while, likewise, there is no conclusive evidence that a more massive brown dwarf, say 60 M J cannot have formed in a different manner, i.e. like a star. If it were the case that these two brown dwarfs formed differently, then, we should define the brown dwarf that formed from core accretion instead as a giant planet since it formed as we believe giant planets form and abandon the arbitrary mass cutoff. The lower mass cutoff between BDs and planets needs to be motivated by the mass or mass range at which core accretion ends as a formation mechanism and cloud collapse begins as one.
In summary, the discovery of EPIC 212036875b places a brown dwarf near the center of the gap proposed by Ma & Ge (2014) (see Figure 6 ), which serves as one more counter-example to the idea of two distinct BD populations. Moreover, a two-dimensional KS test cannot be used to determine if the population of BDs below 42.5 M J originates differently than the population above 42.5 M J . From the circularization timescale discussion presented in Adams & Laughlin (2006) , we find EP212b, CWW 89Ab, and KOI-607b to not have yet reached an age at which we expect their orbits to be circularized. This result is supported by the eccentric nature of each object's orbit as well as in the asynchronous characteristics between the host star's rotation period and the orbital period of the companion. EPIC 212036875b is the only known transiting brown dwarf at roughly 50 M J and may be the first of more like it to be uncovered. Even more brown dwarfs may be awaiting discovery by the TESS mission where we may conduct transit searches on stars with companions of minimum mass measurements between 10 M J and 100 M J . EPIC 212036875b may be the first signs of a short-period BD population that is more uniformly distributed in mass and is cause to more closely consider the nature of the brown dwarf desert.
ACKNOWLEDGEMENTS
We are grateful to the observers at the 1.5-meter telescope on Mt. Hopkins, Arizona for the TRES observations they took on our behalf. We also thank to Kepler and K2 teams for the availability of the transit light curves of our targets. Andrew Vanderburg's work was performed under contract with the California Institute of Technology (Caltech)/Jet Propulsion Laboratory (JPL) funded by NASA through the Sagan Fellowship Program executed by the NASA Exoplanet Science Institute. Funding for this work is provided by the National Science Foundation Graduate Research Fellowship Program Fellowship (GRFP). Table 7 . List of published transiting brown dwarfs as of December 2018. Note-a -LHS 6343 is a triple system with two M-dwarfs and one brown dwarf, b -XO-3b is most likely a high mass gas giant exoplanet rather than a brown dwarf, c -KOI-189b
is either a high mass brown dwarf or a very low mass star as its mass is near the substellar upper mass limit of 80M
J , d -KOI-607b is a low mass star and not a brown dwarf, e -EPIC 203868608 is a brown dwarf binary, f -2M0535-05 is a brown dwarf binary. Table 8 . Additional information on published transiting brown dwarfs. 
